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Abstract

Objective The aim of this study was to evaluate the effectiveness and safety of the nine most widely studied Vono-
prazan (VPZ)-based treatment regimens along with traditional Proton pump inhibitor (PPI)-based treatment regimens
in eradicating Helicobacter pylori (H. pylori) infection.

Design Through searching PubMed, Embase, Cochrane Library, Web of Science, we exclusively included rand-
omized controlled trials (RCTs) to investigate the efficacy of VPZ-based and PPI-based therapies for H. pylori infec-
tion. The included studies were evaluated for methodological quality using the Cochrane bias risk assessment tool,
and the data analysis software was used to analyze the data accordingly.

Results The RCTs were collected from the earliest available date up to August 2023. Twenty-one RCTs were
included, with a total sample size of 5481. The results of the network meta-analysis showed that the eradication rate
of the VPZ-based quadruple 14-day (VPZ-Q14) treatment regimen in Intention-to-treat (ITT) analysis was the highest
(SUCRA: 0.874); The eradication rate of the VPZ-based quadruple 10-day (VPZ-Q10) treatment plan in Per-protocol
(PP) analysis was the highest (SUCRA: 0.849). All regimens were well tolerated without significant differences. Accord-
ing to the probability ranking of safety, high-dose VPZ-based dual 14-day therapy (H-VPZ-D14) ranked first in SUCRA,
reaching 0.952. This indicates that H-VPZ-D14 treatment is the safest with a relatively low incidence of adverse effect.
Therefore, VPZ-based therapies not only have a higher eradication rate, but also possess satisfactory safety.

Conclusion Compared with traditional PPI-based therapies, VPZ-based therapies have shown superior eradica-
tion effects. Based on the Ranking Plot of the Network, the VPZ-Q14 or VPZ-Q10 treatment regimen for H. pylori
has a higher eradication rate and acceptable differences compared to other treatment regimens. In addition,

for regions with high antibiotic resistance rates, we recommend a 14-day quadruple therapy with bismuth based
on VPZ.
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Introduction
Helicobacter pylori (H. pylori) is considered one of the
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industrialized countries, the infection rate remains very
high. H. pylori may infect about half of the world’s popu-
lation [2]. Epidemiological studies have shown that there
are significant regional differences in the prevalence of
H. pylori worldwide, particularly in relation to socio-eco-
nomic development levels and health conditions. H. pylori
infection is prevalent in developing countries, with infec-
tion rates reaching 80% or higher among African adults
[3]. Next are Latin America (63.4%) and Asia (54.7%) [4].
Cho et al’s research on East Asia reveals that the aggregate
prevalence of H. pylori in the Chinese Mainland is 44.2%,
with an estimated 589 million people infected. In Japan, a
country that actively screens for H. pylori, the incidence
rate is reported as 37.6-43.2%, while in South Korea it is
51.0% [5]. Moreover, the recurrence rate of H. pylori in
developing countries is much higher than that in devel-
oped countries [6]. This situation puts greater pressure
on resource-scarce areas to eradicate H. pylori infection
and prevent recurrence. Moreover, H. pylori not only has
a high infection rate but also seriously endangers human
health. It causes a variety of gastric diseases, including
several upper gastrointestinal diseases such as chronic
gastritis, peptic ulcer disease, gastric cancer, and gastric
mucosa-associated lymphoma (MALT) [7], Furthermore,
it causes extragastric diseases, serving as an important
trigger for colorectal cancer, in addition to skin (including
rosacea, chronic urticaria, atopic dermatitis, etc.), liver
diseases (cholangiocarcinoma), hematological diseases
(unexplained iron deficiency anemia and vitamin B12
deficiency), neurological diseases (Alzheimer’s disease,
Parkinson’s disease, multiple sclerosis, and Guillain Barre
syndrome), and growth disorders in children [8-11]. Rec-
ognized as the foremost risk factor for gastric cancer, H.
pylori has been categorized as an IARC Class I carcino-
gen by the International Agency for Research on Cancer
[12]. In 2015, the gastroenterology community officially
recognized H. pylori gastritis as an infectious disease and
recommended that whenever H. pylori is diagnosed with
infection, it be eradicated [13].

The universally applicable principles of antibiotic
treatment for H. pylori have been established. The first
eradication principle generally adopts empirical therapy.
Currently, most regions around the world still use Pro-
ton pump inhibitor (PPI)-based treatment plans. PPI is a
prodrug that is activated by acid [14]. Its main function
is to significantly and persistently reduce the produc-
tion of gastric acid by inhibiting the proton pump (H*/
K*-ATPase) system on the surface of parietal cells [15].
To achieve the best therapeutic effect and ensure suffi-
cient acid suppression, optimal treatment involves select-
ing an effective combination of antibiotics, while also
ensuring adequate treatment duration and compliance.
In many parts of the world, the most commonly used
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first-line treatment for H. pylori infection is triple ther-
apy (PPI-AC) based on PPIs, amoxicillin, and clarithro-
mycin. However, due to increasing resistance rates of H.
pylori to different antibiotics, especially clarithromycin,
the incidence of treatment failure is rising. These are the
main reasons for treatment failure. Secondary causes of
eradication failure are primarily related to the virulence
of H. pylori strains, high bacterial load, high gastric acid-
ity, and poor compliance. Currently, the eradication rate
of H. pylori using standard triple therapy has decreased
to less than 80% globally [16]. Another important option
for first-line treatment through research on eradication
plans in multiple regions around the world is Bismuth-
based Quadruple Therapy (PPI-BTM), consisting of PPI,
bismuth, tetracycline, and metronidazole. Additionally,
recommended first-line treatment options include non-
bismuth quadruple therapy, such as concomitant therapy,
sequential therapy, or 7-day standard triple therapy after
clarithromycin resistance testing, and high-dose dual
therapy. To achieve a higher eradication rate than empiri-
cal treatment, the best treatment plan should be chosen
based on antibiotic resistance before initiating treatment.
However, due to the slow growth and strict cultivation
conditions of H. pylori, it is difficult to apply culture-
based results to clinical practice. Therefore, antibiotic
resistance testing is recommended for use in difficult-
to-treat or second-line treatment situations. In order to
improve treatment effectiveness, new treatment plans are
being tested, including adjuvant therapies with probiotics
and traditional Chinese medicine, and the utilization of
nanotechnology. However, these new technologies have
not yet matured, and commonly used preventive vaccines
have not been developed. Based on some characteristics
of PPIs in traditional therapies, such as their short half-
life, insufficient acid suppression, and pharmacokinetic
differences between different races, PPIs may not be an
ideal treatment option worldwide [17]. With the dynamic
changes in the epidemiology of H. pylori and the escalat-
ing challenge of antibiotic resistance, a new method for
effective management is imperative.

Research on traditional treatment regimens has shown
that antibiotics have nearly reached their efficacy thresh-
old in eradicating H. pylori. Therefore, acid blockers,
when used in combination with antibiotics, are gaining
increasing attention. Vonoprazan (VPZ) is a potassium-
competitive acid blocker. Its mechanism of action is that
VPZ inhibits H*, K™-adenosine triphosphatase (ATPase)
by reversibly competing with potassium ions, thereby
inhibiting gastric acid secretion [18]. An advantage of
VPZ over PPIs is its independence from acid activation
and its ability to provide a relatively fast and sustained
acid-inhibiting effect, which is not influenced by diet or
genetic polymorphism [19]. VPZ raises the pH level in
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the stomach, thereby enhancing the sensitivity of bac-
teria to antibiotics, leading to an increased eradication
rate. In 2014, VPZ was employed in Japan for the treat-
ment of H. pylori infection [20]. Currently, it is consid-
ered a first-line medication for eradicating H. pylori in
Japan. Commonly reported treatment regimens involv-
ing VPZ include the VPZ triple 7/14-day regimen, high-
or low-dose VPZ dual 7/14-day regimen, and the VPZ
quadruple 10/14 regimen. Multiple studies have dem-
onstrated that VPZ-based treatment for eradicating H.
pylori is either superior or non-inferior to treatment
based on traditional PPIs [21-23]. Additionally, the
VPZ-based regimen for H. pylori proved to be effective
and safe for adolescents, similar to its efficacy in adults,
for both primary and secondary eradication therapies
[24]. Currently, research on VPZ-based treatment regi-
mens is increasingly comprehensive. Our study aims to
comprehensively compare various VPZ-based treatment
regimens, offer more informed recommendations for
clinical practitioners in selecting treatment plans, and
serve as a reference for regions that have not yet adopted
VPZ for eradicating H. pylori.

Network meta-analysis (NMA) is a recent evidence-
based technique with significant advantages. These
include the capability to compare multiple interventions
in a single coherent analysis, provide direct estimates
of the relative effects of all available interventions, infer
indirect effect estimates for interventions not directly
compared, and generate rankings of the available treat-
ment options [25]. This study utilized NMA to analyze
and compare the efficacy and safety of nine VPZ-based
dual, triple, and quadruple treatment regimens (which
included variations in treatment durations and doses), as
well as three traditional PPI-based treatment regimens,
for patients with H. pylori infection. The aim of this study
is to offer evidence-based recommendations for patients
and clinical physicians.

Materials and methods

We prospectively registered this meta-analysis on PROS-
PERO (CRD42023495291). The registration includes
details on the research purpose, methods, data analysis
plan, and other pertinent information.

Search strategy

The researchers in this paper searched four electronic
databases (PubMed, EMBASE, Cochrane Central Register
of Controlled Trials, Web of Science) from their inception
until August 30, 2023. Additionally, 14 new articles were
identified through manual searches. The search strategy
was structured according to the PICOS tool: (P) Popula-
tion: individuals with H. pylori infection. Specifically, the
research subjects encompass patients diagnosed with H.
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pylori positivity, irrespective of gender, nationality, race,
or severity of the condition, and confirmed through one
or more diagnostic tests. Diagnostic methods included:
(1) invasive examinations such as endoscopy, histological
examination, and rapid urease test (RUT). (2) Non-inva-
sive diagnostic tests encompassed 13/14 C-Urea Breath
Test (UBT), SAT/serological antibody testing. Most stud-
ies used 13/14 C-UBT to assess the successful eradication
of H. pylori infection at 4—12 weeks after the completion
of therapy. (I) Intervention: VPZ-based treatment regi-
men, comprising various treatment durations (7 days, 10
days, or 14 days) and different drug dosages; (C) Compar-
ator: control group receiving alternative therapies, includ-
ing PPI triple 7-day therapy, PPI triple 14-day therapy, and
PPI quadruple 14-day therapy; (O) Outcomes: primary
outcome measure: H. pylori eradication rate based on
Intention-to-treat (ITT) and Per-protocol (PP) analyses;
secondary outcome measure: incidence of adverse events;
(S) Study type: randomized controlled trials (RCTs). The
detailed search strategy is outlined in Table 1 (PubMed is
provided as an example).

Inclusion criteria

All papers underwent assessment by two independent
researchers using pre-established criteria. The inclusion
criteria were as follows: (1) Experimental group receiv-
ing various VPZ-based treatment regimens for H. pylori
eradication; (2) Control group undergoing traditional
PPI-based treatment protocols; (3) Clinical randomized
controlled trials; (4) Outcome measures comprising erad-
ication rates analyzed through Intention-to-treat analysis
(ITT) or Per-protocol analysis (PP), alongside reports of
adverse events. Two researchers independently assessed
each paper and reconciled any disparities identified dur-
ing the evaluation process through discussion.

Table 1 Search strategy on PubMed

#1 “H.pylorifMeSH Terms] “

#2 (((H.pylori[Title/Abstract]) OR (Helicobacter
nemestrinae[Title/Abstract])) OR (Campylobacter
pylori[Title/Abstract])) OR (Campylobacter pylori
subsp. pylori[Title/Abstract])) OR (Campylobacter
pyloridis[Title/Abstract])

#3 (#1) OR (#2)
#4 “Vonoprazan”
#5 ((((Vonoprazan([Title/Abstract]) OR (TAK 438[Title/

Abstract])) OR (TAK-438[Title/Abstract]))
OR (Takecab[Title/Abstract])) OR (potassium-
competitive acid blocker[Title/Abstract])

#6 (#4) OR (#5)
#7 (#3) AND (#6)
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Exclusion criteria

Studies with incomplete or unreported data were
excluded. Similarly, studies from non-randomized con-
trolled trials (including quasi-randomized controlled
trials, protocols, conference abstracts, case reports,
reviews, meta-analyses, animal studies, or correspond-
ence) were also excluded. Additionally, studies that
did not involve the intervention measures and results
included in this review were excluded. Pilot studies
were excluded as well.

Study selection

The literature was screened and excluded using the lit-
erature management software EndNote. Two research-
ers initially screened the literature titles, excluding
duplicate publications and literature not pertinent to
the research topic, such as non-randomized controlled
trial studies, review papers, conference papers, proto-
cols, and correspondence. Subsequently, the abstracts
of the literature were reviewed by two researchers to
identify relevant literature for inclusion and to exclude
irrelevant literature. Finally, the remaining literature
was read in full by both researchers, who further iden-
tified literature for inclusion. Throughout this process,
both researchers independently screened the literature
and subsequently compared the remaining literature;
papers showing consistency were included in the final
study, while any inconsistencies were discussed and
resolved by a third researcher.

Data extraction

Two researchers independently performed data extrac-
tion, followed by content comparison. Data extraction
was carried out using a standardized seven-item pre-
selected form to record the following information for
inclusion in the study: (1) First author, (2) Year of pub-
lication, (3) Country, (4) Study period, (5) Sample size,
(6) Mean age, and (7) Detailed information on drug

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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intervention measures, including drug type, dosage, fre-
quency, and duration of administration.

Risk of bias of individual studies

In this study, all the literature included consisted
of publicly published randomized controlled trials.
We conducted a comprehensive risk of bias (ROB)
assessment using the assessment tool outlined in the
Cochrane Handbook 5.1.0 for randomized controlled
trials (RCTs). Two researchers independently evalu-
ated each piece of literature based on seven aspects:
(1) Random sequence generation (selection bias), (2)
Allocation concealment (selection bias), (3) Blinding
of participants and personnel (performance bias), (4)
Blinding of outcome assessment (detection bias), (5)
Incomplete outcome data (attrition bias), (6) Selective
reporting (reporting bias), and (7) Other bias. Based
on the above seven aspects, the experiments are cat-
egorized into three levels of ROB: high (five or more
aspects may have ROB), unclear (three or four aspects
may have ROB), and low (two or less aspects may have
ROB) (Fig. 1) [26].

Data analysis

The analysis of continuous variables holds paramount
importance in drug intervention research. These vari-
ables are typically represented by standard deviation
(SD) [27]. There are many treatment options for VPZ,
and the aim of this study was to use NMA to make a
direct and indirect comparison of different VPZ-based
clinical randomised controlled trials to derive quan-
titative results and to rank the multiple treatment
options, and thus to give recommendations for the
best interventions. In our study, all variables are con-
sidered continuous and will be reported using multiple
approaches. First, we will use Mean Difference (MD)
to compare the absolute differences between the two
groups. In addition, a 95% confidence interval (CI)

0% 25% 50% 75%  100%

[ Low risk of bias

[ ] unclear risk of bias

[l High risk of bias

Fig. 1 Scheme of ROB assessment
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will be provided to ascertain the accuracy and reliabil-
ity of parameter estimation. Considering the potential
differences between various studies, we opted for a
random effects model for analysis rather than a fixed
effects model [28].

We utilized Stata software (version 17.0) as the pri-
mary statistical analysis tool. The guiding principles of
PRISMA NMA were adopted to apply a Bayesian-based
framework for the aggregation and analysis process of
NMA. The Bayesian approach is a statistical inference
method that centers on the idea of describing uncer-
tainty as a probability distribution and using Bayesian
theory to update the probability distribution. Bayesian
framework allows us to combine a priori information
and observational data to more accurately estimate the
effects and comparisons between different treatment
options. The Markov Chain Monte Carlo Simulation
Chain (MCMC) method was employed for param-
eter estimation [29, 30]. To quantify and demonstrate
the consistency between indirect and direct compari-
sons, we employed the node method. Consistency and
inconsistency tests were performed on all P-values for
both indirect and direct comparisons among all stud-
ies regarding the eradication rate based on ITT and PP
analyses. If the P-value is greater than 0.05, the consist-
ency test will be considered passed, indicating that the
results between direct and indirect comparisons are
consistent [31].

In the generated network diagram, each node repre-
sents different treatment interventions, while the lines
connecting the nodes represent direct head-to-head
comparisons between interventions. The size of each
node and the width of the connecting lines are directly
proportional to the number of studies involved, aiding
in observing the level of research support for different
interventions [32].

When summarizing the intervention levels, they are
reported as P-scores. The P-score resembles the surface
under the cumulative ranking curve (SUCRA) value,
which is used to assess the superiority of one treatment
over others. SUCRA values across all competing treat-
ments, ranging from 0 to 1. A score of 1 indicates the
best treatment with no uncertainty, while a score of 0
indicates the worst treatment with no uncertainty. While
SUCRA can indicate the need for re-evaluating interven-
tion effectiveness or acceptability, caution is required
when interpreting these scores, particularly if the actual
clinical significance differences between interventions are
insignificant [33]. To assess potential bias in small-scale
studies that could contribute to publication bias in NMA,
a network funnel plot was generated, and the shap-
ing criteria were visually examined. This process entails
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assessing the symmetry of research results to identify
potential unpublished studies or selective reporting [34].

Results

Study and identification and selection

A total of 1298 articles were retrieved from the elec-
tronic database, and an additional fourteen documents
were manually searched by SCI-Hub, Google scholar,
and Science direct, covering a total of 5481 samples
(Supplementary Data). Subsequently, during the first
round of screening of literature titles, 530 articles were
excluded, leaving 293 articles retained. Following that, a
second round of screening was performed based on the
abstract content, resulting in the exclusion of 136 arti-
cles and retention of 157 articles. Lastly, a third round
of screening was conducted by thoroughly reviewing the
entire text. A total of 136 articles were excluded, with
reasons including non-randomized controlled trials,
incomplete data, meeting minutes, and failure to meet
the required intervention measures for this review. In
the end, 21 articles were identified as inclusion objects
for the study (Fig. 2).

Quality assessment of the included studies

Among the studies we evaluated, 17 studies were catego-
rized as low-risk, meaning they performed relatively well
in terms of ROB in RCTs (Fig. 3). Additionally, 4 stud-
ies were classified as having unclear ROB, indicating a
degree of uncertainty about their ROB. Encouragingly,
none of the studies assessed were categorized as high
ROB in our evaluation, suggesting overall high quality
and reliability of the included studies.

However, despite the majority of studies being assessed
as low-risk, only 5 studies achieved simultaneous blinding
of participants and personnel. In other studies, achieving
synchronous blinding of participants and personnel has
become more challenging due to the use of oral medica-
tion as an intervention and the requirement for confirma-
tion testing of H. pylori before treatment. This is because
patients and their families must sign an informed consent
form before the experiment begins, potentially revealing
their understanding of the intervention measures and
consequently impacting the implementation of blinding.
One study employed a single-blind design, yet due to the
aforementioned reasons, fully guaranteeing the blinding
of the measurer is not feasible.

Characteristics of the included studies

A total of 21 RCTs were included, encompassing 5481
patients diagnosed with H. pylori positivity and investi-
gating 12 eradication treatment options for H. pylori. The
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Records identified
through database

Additional records
identified through other

searching resources
n=1298 n=14
Duplicates removed
n=489
l Records excluded
n=666
Records screened Exclude by title
n=823 n=530
Exclude by abstract
l n=136
Full-
text articles assessed for
eligibilityn=157 Full-
text articles excluded with
reasons
l n=136
Not RCT:
Studies included in qualitative 3:50 *
synt_h2e5|s Incomplete data
n=21 n=81
Not meeting outcomes in
cluded in this review
n=3
Studies included in qualitative synthesis N(?t meeting intervention
(network meta-analysis) s included in this review
n=21 n=e

Fig. 2 Flow diagram of literature selection
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interventions comprised low-dose VPZ dual 7-day ther-
apy (L-VPZ-D7, 1 study) [35], VPZ dual 14-day therapy
(VPZ-D14, 3 studies) [36—38], high-dose VPZ dual 14-day
therapy (H-VPZ-D14, 3 studies) [21, 37, 39], VPZ triple
7-day therapy (VPZ-T7, 9 studies) [35, 40-47], VPZ tri-
ple 14-day therapy (VPZ-T14, 4 studies) [21, 38, 48, 49],
VPZ quadruple 14-day therapy (VPZ-Q14, 7 studies)
[48-54], high-dose VPZ dual 7-day therapy (H-VPZ-D7,
1 study) [47], VPZ dual 7-day therapy (VPZ-D7, 1 study)
[47], VPZ quadruple 10-day therapy (VPZ-Q10, 1 study)
[53]. ITT analysis was reported as the outcome measure
in 21 studies, while PP analysis was reported in 15 studies.
The included studies comprised 17 from East Asia (Japan,
China, Korea), 1 from the United States (USA), 2 from
Southeast Asia (Singapore, Thailand), and 1 from South
Asia (Pakistan). The characteristics of the included studies
are shown in Table 2.

Network meta-analysis

The complete NMA figures are presented in Fig. 4a
and b, which indicates that the most common treat-
ment plans for eradicating H. pylori infection include
the bismuth-based PPI quadruple 14-day (PPI-Q14)
treatment plan, VPZ-Q14 treatment plan, VPZ-T7
plan, and VPZ-T14 plan. These treatment plans have
undergone extensive study and demonstrate dense
connectivity within the network. Particularly, there
are direct head-to-head comparisons between VPZ-
Q14 and PPI-Q14, as well as between VPZ-T7 and PPI
triple 7-day (PPI-T7). Moreover, a substantial number
of studies support these comparisons, offering ample
data for further analysis.

Eradication rate in ITT analysis

As displayed in Tables 3 and 4, VPZ-QIl4 therapy
showed the most significant advantage according to
ITT analysis, indicating a notably higher efficacy in
eradicating H. pylori compared to PPI-based therapies.
Additionally, other VPZ treatment regimens, includ-
ing VPZ-Q10, VPZ-T14, VPZ-D14, H-VPZ-D14, and
H-VPZ-D7, exhibited substantial eradication effects. In
contrast, the efficacy of PPI-T7 in eradicating H. pylori
was comparatively lower.

As illustrated in Fig. 5; Table 5, the probability rank-
ing of the effectiveness in ITT of different treatment
interventions indicates that VPZ-QI14 therapy ranks
first in SUCRA (0.874). The SUCRA rankings of other
therapies are as follows: VPZ-Q10>VPZ-T14>VPZ-
D14 =H-VPZ-D14 > H-VPZ-D7 > PPI-Q14 > VPZ-
T7>VPZ-D7>PPI-T14>L-VPZ-D7>>PPI-T7. The SUCRA
of VPZ-Q14 (0.874) was higher than that of VPZ-Q10
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(0.818), indicating the more significant beneficial effect of
VPZ-Q14 on patients with H. pylori infection. Whereas,
the MD of VPZ-Q14 (6.48) was lower than that of VPZ-
Q10 (7.57), suggesting the more concentrated data and
the less variation in VPZ-Q14 treated group.

Eradication rate in PP analysis

According to PP analysis (Tables 6 and 7), the results
revealed significant advantages of VPZ-Q10 over PPI-
based therapy in eradicating H. pylori infection, with
an average difference of MD=7.03, 95% CI = (0.63,
78.79). Moreover, VPZ-Q14 exhibited an average differ-
ence compared to VPZ-T14 and PPI-based therapies,
demonstrating significant positive effects. Additionally,
VPZ-D7, VPZ-T7, and H-VPZ-D7 showed good effi-
cacy, PPI-T14 and PPI-T7 showed certain advantages.
Conversely, PPI-Q14, L-VPZ-D7, and VPZ-D14 exhib-
ited slightly inferior effects, albeit with a certain degree
of improvement.

The probability ranking of effectiveness in PP anal-
ysis of various treatment interventions reveals that
VPZ-Q10 ranks first in SUCRA (0.849, as depicted
in Fig. 6). Following closely are VPZ-Q14, VPZ-T14,
and VPZ-D7, with SUCRA scores of 0.759, 0.599,
and 0.587, respectively. This indicates the favora-
ble performance of these treatment plans in terms of
effectiveness. Overall, the VPZ treatment regimen
demonstrated superior ranking and probability in PP
analysis, further affirming its potential as a preferred
treatment option.

Safety evaluation

The study primarily documented mild drug-related
adverse effects, encompassing gastrointestinal symptoms
like diarrhea, abdominal pain, bloating, constipation,
nausea and vomiting, belching, and taste abnormali-
ties (bitterness), alongside occasional discomforts such
as fever and rash. Notably, the top five regimens in this
study based on SUCRA values were all regimens with a
treatment duration of 10 or 14 days. Therefore, we will
focus on evaluating the overall incidence of adverse
effects of H-VPZ-D14, VPZ-Q14, VPZ-Q10, VPZ-T14,
VPZ-D14, and PPI-Q14 for safety.

As shown in Fig. 7; Table 8, VPZ-based therapies
showed a significant advantage over PPI-Q14 therapy
in the incidence of adverse effects, especially H-VPZ-
D14, with an average difference of MD =0.02, 95% CI
= (0.00, 0.63). According to the probability ranking of
safety, H-VPZ-D14 therapy ranked first in SUCRA,
reaching 0.952 (Fig. 8), indicating that it is a safer
option with a relatively low incidence of adverse effect.
The SUCRA rankings of other therapies are as fol-
lows: VPZ-T14 (0.664)>VPZ-D14 (0.655)>VPZ-Ql4
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PPI-Q14

L-VPZ-D7

VPZ-D14

VPZ-D7

VPZ-Q10
VPZ-T14

VPZ-Q14
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PPI-Q14

PPI-T14

VPZ-Q14

Fig. 4 H.pylori eradication rate of VPZ- and PPI-based treatments in (a) ITT and (b) PP analyses (L: low-dose, H: high-dose, D: dual therapy, T: triple

therapy, Q: quadruple therapy, 7: 7 days, 10: 10 days, 14: 14 days)

(0.398) > PPI-Q14 (0.228)>VPZ-Q10 (0.103). Despite
the ranking, VPZ-T14 and VPZ-D14 still demonstrate
the acceptable level of security. In contrast, PPI-Q14
and VPZ-Q10 showed relatively high adverse effects.

Publication bias test

We meticulously developed individual funnel plots
for each outcome measure. Upon visual examina-
tion of these plots, no significant publication bias was
observed, suggesting a certain level of credibility and
rigor in the selected research data. Further details are
depicted in Fig. 9.

Discussion

This study aimed to assess the efficacy of various VPZ-
based therapies compared to traditional PPI-based
therapies in eradicating H. pylori infection. A total of
21 studies, encompassing 12 distinct treatment options,
were included, involving 5481 patients diagnosed with
H. pylori infection, indicating a substantial sample size.
Our findings indicate that VPZ-Q14 and VPZ-QI10
demonstrate a statistically significant beneficial effect
on patients with H. pylori infection compared to other
treatment options and the control group. First, overall,
the VPZ-based treatment regimen exhibits significantly
higher efficacy in H. pylori eradication compared to
the PPI-based regimen. Second, based on ITT analysis,
VPZ-Q14 emerges as the optimal intervention. Con-
versely, according to PP analysis, VPZ-Q10 proves to

be the most effective intervention. Regarding safety, no
experiments reported significant adverse effects related
to the drug. In comparison with PPI-based treatment
regimens, VPZ-based regimens demonstrate a lower
overall incidence of adverse reactions. The occurrence
of adverse reactions in both the VPZ-Q14 and VPZ-
Q10 regimens is deemed acceptable. Overall, we sug-
gest that a 14-day or 10-day eradication plan based on
VPZ may represent the most suitable intervention for
managing H. pylori infection.

In clinical epidemiology, experimental studies typi-
cally adopt the form of RCTs. Data analysis of RCTs
can be performed using two complementary strate-
gies: ITT analysis and PP analysis. In fact, according
to the CPMP guidelines [55], “in non-inferiority trials,
ITT and PP analysis hold equal significance, and their
results should yield analogous conclusions to furnish a
compelling interpretation”. In this scenario, ITT analy-
sis should remain the primary analysis as it preserves
the advantage of randomization, while PP analysis can
serve as a supportive sensitivity analysis for non-infe-
riority and equivalence studies [56]. Overall, both ITT
and PP analyses are efficacious, however, their scope
and interpretation vary.

Our research concludes that a 14-day or 10-day
therapy based on VPZ may represent the most suitable
intervention for improving H. pylori infection, which
is similar to the conclusion of the reported work [57,
58]. Therefore, our researchers sought to investigate
the potential impact of enhancing subjects’ compliance
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Table 4 MD and 95% Cl values of VPZ- and PPI-based treatments
in ITT analysis®.

Intervention MD 95% CI
VPZ-Q14 6.48 (250, 16.84)
VPZ-Q10 7.57 (1.48,38.72)
VPZ-T14 544 (2.32,12.75)
VPZ-D14 449 (1.71,11.80)
H-VPZ-D14 448 (1.92,10.49)
H-VPZ-D7 3.74 (1.73,8.11)
PPI-Q14 3.87 (1.53,9.79)
VPZ-T7 332 (2.29,4.83)
VPZ-D7 3.01 (1.39,6.49)
PPI-T14 2.72 (1.24,5.96)
L-VPZ-D7 2.19 (1.04,4.61)
PPI-T7 046 (0.22,0.96)

2 L: low-dose, H: high-dose, D: dual therapy, T: triple therapy, Q: quadruple
therapy, 7: 7 days, 10: 10 days, 14: 14 days

H-VPZ-D14 H-VPZ-D7

0 .2 46 81
0.2 46 81
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with the research protocol on treatment efficacy.
Through ITT analysis, the efficacy of VPZ therapy
over 14 days was evident; however, in actuality, this
treatment proved more efficacious for participants
who fully adhered to the study protocol. Conversely,
PP analysis indicated that therapy lasting 10 days
yielded clearer effectiveness. These PP results hypoth-
esize that improved adherence to the experimental
drug may lead to more favorable clinical treatment
outcomes. Thus, compliance emerges as a pivotal vari-
able for the success of quadruple therapy. Enhanced
compliance not only ensures a high eradication rate
but also reduces medication cycles and costs. Stud-
ies indicate that treatment adherence below 80% has
been associated with reduced treatment success rates
[59]. Regarding the reasons for low compliance, mul-
tiple factor analysis revealed that the primary reason
for patients not adhering to treatment is side effects.
Antibiotic treatment in eradication regimens can read-
ily induce a range of short-term side effects, includ-
ing diarrhea, nausea, vomiting, bloating, or abdominal
pain [60]. Therefore, optimizing eradication therapy

L-VPZ-D7 PPI-Q14

0.2 46 81
0.2 46 81
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Fig. 5 SUCRA plots for eradication rate of VPZ- and PPI-based treatments in ITT analysis (L: low-dose, H: high-dose, D: dual therapy, T: triple therapy,

Q: quadruple therapy, 7: 7 days, 10: 10 days, 14: 14 days)
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Table 5 SUCRA scores of VPZ- and PPI-based treatments in [TT

analysis®.

Intervention SUCRA
VPZ-Q14 0.874
VPZ-Q10 0.818
VPZ-T14 0.782
VPZ-D14 0.617
H-VPZ-D14 0.617
H-VPZ-D7 0.531
PPI-Q14 0493
VPZT7 0432
VPZ-D7 0372
PPI-T14 0.258
L-VPZ-D7 0.205
PPI-T7 0.004

2 L: low-dose, H: high-dose, D: dual therapy, T: triple therapy, Q: quadruple
therapy, 7: 7 days, 10: 10 days, 14: 14 days

and reducing antibiotic misuse can, to some extent,
mitigate adverse reactions, enhance patient compli-
decrease treatment duration and medication
expenses, elevate eradication rates, and diminish
recurrence. A study revealed that following a one-
year follow-up of patients who successfully eradicated
H. pylori infection, the one-year recurrence rate of H.
pylori infection after eradication in the coastal prov-
inces of southern China was 3.5%. Key independent
factors influencing H. pylori recurrence encompass
contact with infected individuals, unsatisfactory
hygiene conditions in dining areas, consumption of
contaminated water, frequent dining out, and irregular
dietary patterns [61]. Therefore, successful eradication
of H. pylori infection should also entail controlling and
reducing the recurrence rate.

According to the results of the network meta-analy-
sis, VPZ-T14 therapy emerged as one of the top three
effective interventions based on both ITT and PP
analyses. Among the therapies we incorporated, triple
therapy consisted of a combination of VPZ-AMO-CLR
and a combination of VPZ-AMO-traditional Chinese
medicine preparations (berberine and Jinghua Wei-
kang capsules). Notably, all therapies employed AMO.
In theory, AMO represents an almost ideal antibacte-
rial agent due to its bactericidal properties, with resist-
ance occurrences being rare even in cases of treatment
failure [62]. A meta-analysis on primary antibiotic
resistance of H. pylori in the Asia Pacific region indi-
cated very low resistance rates of H. pylori to AMO
and tetracycline (TET). In China, the rates are 3.1%
and 3.9%, respectively; in Japan, they are 3.0% and

ance,
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2.0%, respectively; and in South Korea, they are 9.5%
and 0%, respectively [63]. However, for CLR with a
high resistance rate, research in Japan has shown that
the benefits of adding CLR to VPZ-AMO combination
are minimal. Therefore, the combination of antibi-
otic abuse and low cure rates suggests that VPZ-CLR
triple therapy should not be used for H. pylori infec-
tion. Removing CLR, VPZ-AMO dual therapy has
been proven effective in other places, and after opti-
mization, it may ultimately prove useful in the United
States/Europe [64]. Thus, the strategy of eliminating
CLR and incorporating traditional Chinese medicine
preparations into VPZ triple therapy appears to miti-
gate antibiotic abuse while enhancing the cure rate,
offering comparable advantages to VPZ-AMO dual
therapy. Nevertheless, additional research is warranted
to ascertain whether it delivers superior antibacte-
rial effects and safety profiles compared to dual ther-
apy. Consequently, alongside the favored quadruple
therapy, traditional Chinese medicine triple therapy
emerges as a potential approach for H. pylori eradica-
tion, meriting further investigation.

In summary, our study holds clinical significance in
several aspects. First, despite the satisfactory results of
VPZ-based therapy in eradicating H. pylori infection,
its approval for this purpose remains limited in most
countries and regions. This study could serve as a guid-
ing reference in these areas. Secondly, while research
on eradicating H. pylori infection through VPZ is pri-
marily concentrated in the United States and Asian
countries like Japan, China, and South Korea. With the
Asian continent’s population alone exceeding 2 billion,
presenting a considerable sample size, and the highly
convincing conclusions drawn from RCTs, clinical
practitioners can consider employing VPZ quadruple
therapy for either 14 or 10 days in treating H. pylori
infection patients with comparable drug resistance
rates in the region. Alternatively, they may explore fur-
ther optimization of VPZ-based therapy to enhance
treatment outcomes.

Strengths and limitations

Firstly, our study encompassed 21 RCTs involving 5481
patients, thus offering more robust evidence-based
recommendations.

Secondly, numerous studies on the eradication of
H. pylori infection using VPZ have been reported. For
example, the efficacy and safety of low- and high-dose
amoxicillin in VPZ-amoxicillin dual therapy were evalu-
ated [57]. It concluded that low-dose amoxicillin (VLA)
therapy demonstrated comparable efficacy and safety
to high-dose amoxicillin (VHA) therapy. Another work
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Table 7 MD and 95% Cl values of VPZ- and PPI-based treatments
in PP analysis®

Intervention MD 95% CI
VPZ-Q14 340 (0.98,11.84)
VPZ-Q10 7.03 (0.63,78. 79)
VPZ-T14 2.29 (0.98,5.33)
VPZ-D14 1.71 (0.24,11.90)
H-VPZ-D14 2.05 (0.89,4.74)
H-VPZ-D7 2.17 (0.45, 10.60)
PPI-Q14 2.60 (042,16.17)
VPZ-T7 291 (1.38,6.17)
VPZ-D7 3.09 (0.87,10.95)
PPI-T14 1.35 (0.32,5.66)
L-VPZ-D7 2.14 (0.61,7.54)
PPI-T7 034 (0.16,0.73)

2 L: low-dose, H: high-dose, D: dual therapy, T: triple therapy, Q: quadruple
therapy, 7: 7 days, 10: 10 days, 14: 14 days

H-VPZ-D14 H-VPZ-D7

0.2 46 81
\
0.2 46 81
0.2 46 81
\
0.2 46 81
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was also to evaluate the efficacy and safety of VPZ-
based and PPI-based therapies for H. pylori infection
[58]. But it only evaluated the therapies of vonoprazan-
amoxicillin (VA), vonoprazan-amoxicillin-clarithromy-
cin (VAC), and vonoprazan-based bismuth-containing
quadruple therapy (VBQT). Our work evaluated more
therapies including VA, VAC, VA-bismuth, VA-sita-
floxacin, VA-metronidazole, VAC-bismuth, VA-furazo-
lidone-bismuth, VA-berberine, VA-Jing hua Wei kang
capsule, conducting a thorough examination and rank-
ing the effectiveness of these treatment regimens based
on NMA results.

Limitations of the study include: (1) Despite exhaus-
tive efforts to include all RCTs based on VPZ therapy,
the sample size of the literature remains insufficient,
limiting direct comparative evidence for some inter-
vention measures. Further expansion of relevant
research is necessary. (2) The focus of relevant reports
primarily centers on the Asian region, potentially limit-
ing the generalizability of findings to other populations.
(3) Our study primarily investigates first-line solu-
tions for H. pylori eradication, neglecting exploration

L-vPZ-D7 PPI-Q14
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Fig. 6 SUCRA plots for eradication rate of VPZ- and PPI-based treatments in PP analysis (L: low-dose, H: high-dose, D: dual therapy, T: triple therapy,

Q: quadruple therapy, 7: 7 days, 10: 10 days, 14: 14 days)
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VPZ-D14
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VPZ-T14

H-VPZ-D14

PPI-Q14

VPZ-Q10

VPZ-Q14

Fig. 7 The incidence of adverse effects of VPZ- and PPI-based treatments (H: high-dose, D: dual therapy, T: triple therapy, Q: quadruple therapy, 10:

10 days, 14: 14 days)

Table 8 \VVPZ- and PPIl-based treatments for incidence of adverse effects with mean difference (MD) and 95% confidence interval (Cl)

values®.
H-VPZ-D14 VPZ-T14 VPZ-D14 VPZ-Q14 PPI-Q14 VPZ-Q10
H-VPZ-D14 5.57(0.36,86.55) 489 (0.54,43.94) 1344 (0.78,232.58) 21.69 (1.63,288.54) 48.10(1.59,1452.28)
0.18(0.01,2.79) VPZ-T14 0.88 (0.09,8.69) 241 3.90 8.64
(0.47,12.29) (0.84,18.03) (0.64,115.77)
0.20(0.02,1.84) 1.14(0.12,11.25) VPZ-D14 2.75 443 9.83
(0.25,29.94) (0.58,33.99) (0.48,201.35)
0.07 (0.00,1.29) 041 (0.08,2.11) 0.36 (0.03,3.97) VPZ-Q14 161 3.58
(0.39,6.67) (0.36,35.99)
0.05(0.00,0.61) 0.26 (0.06,1.19) 0.23(0.03,1.73) 0.62 PPI-Q14 222
(0.15,2.56) (0.23,21.59)
0.02 (0.00,0.63) 0.12(0.01,1.55) 0.10 (0.00,2.08) 0.28 045 VPZ-Q10
(0.03,2.81) (0.05,4.39)

? H: high-dose, D: dual therapy, T: triple therapy, Q: quadruple therapy, 10: 10 days, 14: 14 days

of second- and third-line therapies, as well as issues
of reinfection and recurrence post-eradication. (4)
Although this article does not impose restrictions on
the combination of different antibiotics, all therapeutic
antibiotics are AMO-based, with or without the addi-
tion of another antibiotic. Hence, in regions necessitat-
ing a second antibiotic, actual selection should consider
local antibiotic resistance patterns.

Caution should be exercised when interpreting the
results. When considering the conclusions of this
study, it is essential to account for the current levels
of antibiotic resistance, socio-economic development,
and characteristics of the infected population in the
local area.

Conclusions

Through comparing multiple intervention measures,
we have reached the following conclusion: VPZ-based
treatment is significantly more effective than PPI-based
treatment. VPZ may emerge as the preferred medica-
tion for eradicating H. pylori infection. The quadruple
therapy based on VPZ for 14 or 10 days exhibits the
highest efficacy in terms of eradication rate and dem-
onstrates an acceptable incidence of adverse reactions.
However, currently, VPZ is recommended over PPI as
the preferred intervention drug for eradicating H. pylori
infection in patients seeking eradication. The quadru-
ple therapy involving VPZ with treatment durations
of 14 or 10 days stands as the foremost recommended
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Fig. 8 SUCRA plot for the incidence of adverse effects (H: high-dose, D: dual therapy, T: triple therapy, Q: quadruple therapy, 10: 10 days, 14: 14 days)
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first-line intervention. In regions exhibiting high anti-
biotic resistance rates, a 14-day quadruple therapy
incorporating VPZ bismuth is more advisable. When
feasible, drug resistance testing should precede the
selection of an eradication plan, facilitating the devel-
opment of personalized treatment strategies.
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